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Abstract— In this paper we illustrate the fabrication 
process of nano temperature sensors using focused ion 
beam chemical vapor deposition (FIB-CVD) of tungsten 
over atomic force microscope (AFM) cantilevers, to be 
used in sensing temperature distribution in local area. 
We present the fabrication approach & modifications for 
making these sensors capable of sensing temperature 
distributions not only in air but in water environment as 
well. The nano sensor was calibrated in water using the 
hot stage of the environmental scanning electron 
microscope (ESEM). The experimental results show the 
positive characteristics of the temperature coefficient of 
resistance (TCR). We also illustrate the response of the 
sensor to sudden changes in the surrounding medium. 
The characteristics of this sensor were compared to 
previously reported temperature sensing devices. The 
comparison verifies that our sensor is relatively 
uncomplicated and reliable in fabrication. The capability 
of sensing temperature in water will allow our sensor to 
be used in wide range of bio-applications, especially in 
studying thermogenesis in single cells. 
 
Keywords- Focused ion beam, Chemical vapor deposition, 
Water environment ,Local  temperature, Nano-sensors.  
I. INTRODUCTION & BACKGROUND 
 Developing a sensor for studying thermogensises and 
temperature distributions at single cell level, requires an 
insulated sensor that is capable of scanning temperature 
distributions in sub micrometer areas without interfering 
with any environmental parameter in the surrounding 
medium. Different approaches have been proposed to 
develop ultra small thermal sensor, these approaches 
include temperature sensors based on carbon nanotubes 
(CNT), atomic force microscope (AFM) cantilever based 
temperature sensor, thermosensitive fluorescent dyes and 
Indanium tin oxide (ITO) microchips. In recent years, FIB-
CVD was used to fabricate novel three dimensional (3-D) 
nano-tools with high precision and accuracy [1]. These 
nano-tools include, the electrostatic manipulator (which 
can be controlled with a movement rate of about 1 nm/V 
by using electrostatic repulsion forces) [4, 5], the bio nano-
injector (with freely designed tip for various functions) [6] 
and nano-nets (which are used in manipulating sub cellular 
organelles) [1]. The fabrication of sensors using FIB-CVD, 
that can sense temperature distribution in different 
environment including water, seems quite challenging over 
previously proposed studies.  
Bulk CNTs, as described in [7], were used as a 
temperature sensor. They were aligned by applying 
dielectrophoresis within electrodes. But due to its weak 
fixation, the bulk CNTs may disjoin from electrodes 
during thermal expansion or any external disturbance. Also 
due to their configuration, bulk CNTs can not be used in 
ultra-small site temperature sensing. The applications of 
carbon nano-thermometer, as reported in [8], are limited to 
vacuum environments where no living organism can exist. 
It acts as a liquid filled thermometer, and for accurate 
temperature sensing using that type of sensor, the indicator 
gallium (Ga) as well as the walls of the CNT must be 
clearly observed wherever the measurement is carried out. 
And this cannot be done outside a scanning electron 
microscope (SEM). In [2], the assembly of CNT thermal 
probes was described and the feasibility of temperature 
measurement in local area was reported. From the 
construction point of view, attaching two single CNTs at 
the tip of an atomic force microscope (AFM) cantilever 
and then using electron beam induced deposition (EBID) 
to fix their tips together using nano-robotic manipulation 
techniques is without doubt a hard job and time consuming 
as well. Furthermore, it is very difficult to assure that the 
picked up CNTs have metallic physical properties. The 
concept of resistant thermometry may not be applicable if 
the chosen CNTs, attached to the AFM cantilever, are 
discovered to be semi- or non-conductive ones. Another 
thing is that, if two CNT thermal probes were successfully 
constructed, they may have not exactly the same physical 
properties. That sensor was also examined in water, but 
unfortunately it failed, as the CNTs could not stand surface 
tension forces of water. Another approche is using the 
AFM cantilever as atemperature sensor. The scanning 
thermal microscope uses the AFM as the platform with a 
temperature-sensing probe. When the probe tip comes in 
contact with a sample surface, the tip–sample heat transfer 
can occur through solid–solid, liquid film, or air 
conduction [10]. This type of sensor mainly uses a 
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 thermocouple junction at the tip of the cantilever. It have 
sub-100 nm resolution. Our sensor uses another concept 
which is resistant thermometry. In [11], a technique for 
detection and measurement of the temperature changes in 
single cells using two glass micropipettes filled with the 
thermosensitive fluorescent dye was reported. Although 
this devised technique was capable of detecting the 
thermogensises in a single HeLa cell, by comparing the 
fluorescence intensity in both micropipettes the one in 
direct contact to the cell and the other reference 
micropipette in the solution, it can not be easily used in 
sub-micrometer temperature scanning. Using ITO 
microelectrode patterns as temperature sensor as in [12] is 
quite interesting, but due to its configuration it will be 
limited in applications where the control of temperature is 
dominating over scanning temperature distributions.   
 Our group previously succeeded in constructing three 
dimensional (3D) focused ion beam chemical vapor 
deposition (FIB-CVD) nano temperature sensor [3]. This 
sensor was calibrated in air. Its configuration allows it to 
be used in ultra-small site temperature sensing. It has no 
constraint on applicable environment. Its construction 
process is relatively faster and easier compared to previous 
sensors and also it fabrication approach can produce 
sensors with nearly identical physical properties. More 
over the sensor structure was able to stand being immersed 
in water without being destroyed. This property 
encouraged us to modify our sensor in order to be used in 
water environment. In this work, we present a new 
approach in fabricating these sensors, as well as new 
modifications for making them capable of sensing 
temperature distributions in water environment. 
 
II. THE FABRICATION PROCESS OF THE SENSOR 
The fabrication of the temperature sensor in [3] 
included two main procedures, the first is for electrode 
construction and the second is to form the sensor shape by 
consequent FIB deposition and etching. The new 
modification is using a new commercially available Piezo 
type cantilever. This type of cantilever has two already 
built in electrodes. So we not only skipped the electrode 
construction process, but we have more reliable electrode 
for our sensor. We avoided the bad separation of deep 
ultra violet (DUV) laser as well as electrode wiring 
problems. The sensor construction process is only done 
inside the FIB chamber.  
II.1. The FIB system settings.  
The FIB system we used was “SMI2050” system (SII 
Nanotechnology Inc.). The primary gallium (Ga+) ion 
beam was operated at 30 kV. The system is equipped with 
a tungsten gas injector, which uses Hexacarbonyle 
tungsten (W (CO) 6) vapor as the precursor for FIB-CVD 
of tungsten. The base pressure of the specimen chamber was 
about 5x10-5 Pa. 
II.2. FIB processing of the sensor body. 
The cantilever tip is covered by an insulating layer of 
Silicon dioxide (SiO2) with ~400nm thickness. At first this 
layer is etched as shown in Fig. 1. Tungsten (W) is then 
deposited, in the form of a square with a base of 8.0m in 
length. The deposition process was adjusted to achieve a 
layer of W with 2.0m in height over the cantilever tip, as 
shown in Fig. 2. Subsequent normal and inclined etching 
of the deposited tungsten layer is done until the required 
shape of the sensor is achieved. Fig. 3 shows the steps of 
etching the W layer until the sensor body reaches its final 
shape. 
We used energy dispersive spectroscopy (EDS) 
procedure to identify the elemental composition of the 
fabricated structure. As the deposited tungsten is not 
completely pure, due to organic contaminants as well as 
gallium (Ga) ions, from the ion beam, are inevitably 
included [9]. The spectrum in Fig. 4 shows that the sensor 
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Figure 2.  A schematic diagram showing the deposition process of 
the tungsten layer over the tip of the cantilever inside the FIB 
chamber. (Inset) FIB image of the tungsten layer after deposition 
 
Figure 1.  a) The Piezo Cantilever tip, the red circle is where the 
sensor is constructed. b) A magnified image of the tip in the red 
circle in (a) showing the insulating layer of SiO2. c) After etching 
of the insulating layer. 
(a) 
(c)(b)
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 probe consists mainly of tungsten with some peaks of 
gallium and carbon originated during the deposition 
process.  
 
 
II.3. Parylene C Insulation of the sensor body. 
We choose Parylene C for insulating our sensor. 
Parylene C has a very low permeability to moisture & 
corrosive gases, and is widely used for conformal 
insulation in bio applications [18]. Using CVD of 0.5 
grams of Parylene C, we were able to deposit a layer of 
0.5m thickness over the sensor. Fig. 5 a) shows an FIB 
image of the sensor before parylene insulation, the 
tungsten wire thickness was 250~300nm. Fig. 5 b) is an 
ESEM image showing a 500nm layer of Parylene C 
covering the sensor body. After insulation, the sensor was 
fixed and wired over a nano manipulation holder, as 
shown in Fig. 6. 
III. CALIBRATION OF THE SENSOR 
III.1. The Calibration System 
For calibration we used the hot stage of environmental 
scanning electron microscope (ESEM) as the heating 
source. The stage has a PID controller that controls the 
stage temperature from 18 oC to 1500 oC.  Fig. 7 Shows the 
Heating stage with our sensor hanged over it. We used a 
sub-Femtoamp remote source meter, as a power source for 
our sensor. We developed a “Lap View” interfacing model 
to monitor the change in sensor resistance in the time 
domain. 
III.2. The Calibration Results 
 The sample crucible was filled with distilled water 
droplets. We used another holder to assure the complete 
Figure 3.  Sensor Construction Steps; a) a plan of tungsten is 
deposited over the tip of the cantilever. b) & c) combination of 
normal and inclined etching. d) The nano sensor in its final shape.  
(a) (b) (c) 
(d)
Figure 4.  EDS Spectrum taken at three different points on the 
sensor body. The sub table shows the composition percentage of 
tungsten, gallium & carbon at these points. 
Figure 5.  The nano sensor before and After Parylene C coating; a) 
Sensor before coating, b) Layer of 500nm of Parylene C insulating 
the sensor body . 
  (a) (b) 
 
 
 
Figure 6.  The nano sensor mounted on a nano manipulation holder. 
This holder is designed to facilitate fixation and wiring of the 
sensor over various manipulaters.  
The Nano 
Sensor
Wiring 
plugs Alternative 
fixation holes 
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 Figure 9.  The temperature coefficient of resistance of the nano 
sensor probe. The resistance of the sensor was measured in steps 
of 3-5°C. The results are averaged (green) from the average of 
the measurements obtained during heating (red X) and cooling 
(blue ). 
Temperature (oC) 
R
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ta
nc
e 
(
)
 
Figure 10.  The response of the sensor when it was suddenly removed 
from hot water at 44 oC to room temperature air. 
Sensor Holder 
Sensor 
Water Droplets 
Heating stage 
submerging of the sensor in water as shown schematically 
in Fig. 8. We applied a constant voltage of 2mVolts to the 
sensor. Using the PID controller we altered the 
temperature of the stage from 18oC up to 50oC with 3~5 oC 
step increase in the water temperature. At each 
temperature increase, the sensor’s resistance was 
monitored using the “Lap View” interfacing model. The 
exposure time of the sensor was almost 30 seconds. By the 
same way the temperature was decreased from 50oC down 
to 18oC and the resistance was measured. The average 
readings of each set of the measured resistance are shown 
in Fig. 9. From Fig. 9, it was clear that our sensor has a 
positive temperature coefficient of resistance (TCR) of 
approximately ~3.3 percentage change in resistance/ oC, 
which is quite competitive to previously reported sensors.  
IV. EXPERIMENTAL RESULTS AND DISCUSSION 
The sensor was subjected to a sudden change in 
temperature. Readings were obtained from the sensor 
while being immersed in worm water at 44 oC; the sensor 
was then suddenly removed from water to air at room 
temperature. A sudden drop of the sensor reading was 
reported. Fig. 10 shows the response of the sensor when it 
was suddenly removed from worm water to air. The 
average reading of the sensor after being removed from 
water was ~757. Refereeing to the TCR of the sensor, 
given in Fig. 9, this reading is equivalent to ~23 oC, which 
can be assumed as the room temperature, as calibration in 
air would be different than that in water. Although this 
seems to be a quick response from our sensor, due to 
sudden variation in temperature, further investigation is 
needed to describe the dynamic behavior of the sensor.  
 
Figure 7.  The ESEM hot stage is used for temperature control of 
water in the sample crucible. The inset is a magnified image of the 
sensor.  
Hot stage 
The Nano 
Sensor 
 
Figure8.  A schematic diagram of the calibration system; we used a 
sub-Femtoamp remote source meter for applying a constant 
voltage of 2mV to the sensor and “Lap View” interfacing model. 
Environmental
SEM
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 V. CONCLUSION AND FUTURE WORK 
We have fabricated a tungsten temperature sensor by 
integrating both FIB etching and FIB-CVD over the tip of 
piezo cantilever with built in electrodes. The parylene 
insulation allowed the sensor to be used in water 
environment. The sensor was calibrated in water and a 
positive TCR was obtained for the sensor. The new 
modification in the fabrication process saved a lot of 
machining time needed in fabricating previous sensor 
prototypes. Our sensor is the fastest in fabrication and the 
easiest in operation over other reported thermal sensors. 
Moreover, copies of similar sensor bodies could be 
constructed using the FIB interfacing software. These 
sensor structures have nearly identical physical properties. 
Currently we are preparing our sensor to be mounted over 
a nano manipulator end effectors. So that it could scan 
temperature distribution over a fabricated ITO heater. Our 
fabrication approach has the advantage of accurate 
prototyping that can make our sensor easily modified to 
meet requirements defined by various applications. The 
new modification as well as the current results gives our 
sensor great potential to be further investigated. In order to 
a chive a nano thermal sensor capable of measuring local 
temperature distributions.   
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